Sedimentary rocks are generally characterized by textural anisotropy that gives rise to a directional dependence of acoustic velocities. This textural anisotropy in sedimentary rocks can lead to attenuation anisotropy. Our analyses of the directional dependence of velocity and attenuation in different reservoir rocks show that attenuation anisotropy can be quite large. Directional dependences of velocity and attenuation can be very different and are not influenced in the same manner by textural variations. Depending on the texture, the attenuation anisotropy can be opposite to the velocity anisotropy.
Introduction
Knowledge about the pore and confining pressure dependencies of the P-wave velocity (V P ) and quality factor (Q P ) in reservoir rocks is an important requisite for interpreting seismic measurements in terms of subsurface petrophysical parameters. Since permeability is a dominant factor in controlling loss mechanisms in porous media, a study of the quality factor (Q, or attenuation, Q -1 ) is of special interest in seismic exploration for oil. Theoretical (Biot, 1956a, b; Akbar et al., 1993) and experimental studies (McCann and McCann, 1969; Klimentos, 1990; Prasad, 2003) have shown the importance of permeability in understanding wave propagation characteristics in porous media. Experimental studies on attenuation and velocity have shown the effect of pressure on crack closure and layering, however, a systematic study of attenuation anisotropy is lacking. For AVO analyses, Adriansyah and McMechan (1998) have shown that intrinsic and scattering attenuation can affect the AVO response. Thus, attenuation anisotropy becomes an important factor that needs to be considered for such investigations. Three main causes have been recognized for velocity anisotropy:
1. Preferential alignment of grains and cracks 2. Layering of materials of different acoustic impedance 3. Layers with different amounts of porosity The question that remains to be answered is whether these factors affect attenuation in the same manner as they affect velocity. Specifically, the effect of permeability anisotropy on attenuation has not been studied systematically. We have investigated the effect of layering and permeability on both, velocity and attenuation on a set of sandstones as functions of confining pressures up to 25 MPa. The sandstones were very similar in mineralogy and porosity. Permeability, however, varied with direction and between samples. The measurements made in two directions, parallel and perpendicular to borehole axis show different effects of anisotropy on velocity and attenuation.
Experimental Procedure
Cylindrical core samples with 25 mm diameter and 20-30 mm length were prepared with their faces parallel to within 100 µm. Two samples were prepared from each core: parallel to the borehole axis (called vertical) and perpendicular to the borehole axis (called horizontal). The pulse transmission technique was used for P-and S-wave velocity (V P , V S , respectively) measurements. Quality factor (Q P , Q S ) was calculated using the spectrum division method (Toksöz et al., 1979; Sears and Bonner, 1981) .
Bulk and grain densities and porosity were measured using a Helium porosimeter. Difference in porosity values measured in two cores from same depth gave an indication of small-scale heterogeneities in the samples. The microstructure of the samples was examined with optical microscopy, CT-scanning, and scanning acoustic microscopy. Mineralogy was determined by XRD analyses of the sample powders. Klinkenberg-corrected air permeability was measured in horizontal and vertical directions.
Samples Used
We have analyzed fluvial sandstone samples from a producing oil field. The chalk, limestone, and sandstone data were taken from Prasad and Manghnani (1996) . The Prasad and Manghnani data was measured in two directions simultaneously on the same sample. Measurements on the fluvial sandstones were made on oriented samples.
Results
Porosity, Permeability, and Texture: Figure 1 and Tables  1 and 2 shows XRD mineralogy, permeability and texture from CT scans in two directions for the fluvial sandstones. The samples are very similar in mineralogy and in porosity: They are fairly clean sandstones consisting of quartz and feldspars with clay contents between 5 -10%. Porosity ranged between 19-25%. The main difference lies in permeability and in permeability anisotropy. Permeability values varied between 0.1 and 1000 mD and permeability anisotropy values ranged between 0 -200%. In most cases, the permeability anisotropy could be correlated to the density variations revealed by CT scans. Under optical microscopy, the permeability variations (and corresponding density layers) were found to be due to alternate layers of coarse and fine-grained sands. Horizontal alignment of the more porous, coarser grained layers gave a higher permeability in that direction. In some cases, the cause for permeability anisotropy could not be recognized on the CT scans, which showed a very homogenous texture. CT scans of some samples (10 and 21) revealed large-scale density variations. These structures, seen as bioturbations and shell fragments under an optical microscope, were larger than the dominant ultrasonic wavelengths. Based on the microstructure observed in CT scans and the permeability measurements, the samples were separated into the groups specified in Table 3 : Sandstones had heterogeneous, layered, or homogenous textures. The carbonate samples consisted of low and high porosity chalks, limestones with vuggy porosity, and a high porosity dolomite (Table 3) . Velocity Anisotropy: Figure 2 shows the effect of pressure on V P for representative samples from the three fluvial sandstone groups. The samples show a general increase in V P with pressure. Groups 1 and 2 show V P anisotropy at higher pressures also, mainly due to textural differences. In some cases, a large V P anisotropy at low pressure decreases to near zero at 25 MPa. In Group 2 samples, V P anisotropy remains high at 25 MPa confining pressure. The chalks (Figure 3 ) showed high V P anisotropy. There is very little change in V P and in V P anisotropy with pressure for the low porosity chalks. The increase in V P and decrease in V P anisotropy with pressure in the high porosity chalk is due to closing of a visible crack. In the limestones (Figure 4 ), V P increases very rapidly with pressure. An initially high V P anisotropy decreases to almost zero beyond 25 MPa. Apparently, the microcracks responsible for V P reduction and anisotropy close at this pressure. In the high porosity sandstone and dolomite (Figure 4) , V P increases with pressure and V P anisotropy is low, about 4%. Attenuation Anisotropy: Figure 5 shows the effect of pressure on Q P for the fluvial sandstones. The Q P -pressure behavior is typical within each group. Thus Group 1. Q P is low and remains constant. Group 2. Q P increases with pressure. The increase is larger for the low velocity direction and leads to a negative Q P anisotropy. Group 2a Q P increases equally in both directions with pressure. Group 3. Q P anisotropy is low and positive. Figures 6 and 7 show the effect of pressure on quality factor for the carbonates. Similar to velocity, the low porosity chalks (Figure 6 ) do not show much change in quality factor anisotropy with pressure. In the high porosity chalks, quality factor increases with pressure. In the limestones (Figure 7 ), Q P is very low and stays constant with pressure. In the high porosity sandstone and dolomite, Q P increases with pressure. The Q P anisotropy is also increases with pressure, with the increase being larger for the low velocity direction, leading to a negative attenuation anisotropy. Pressure (bar) Pressure ( 
